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Summary and concluding remarks
The fetus is well protected in its intra-uterine environment against potentially
harmful events. It is sheltered from the extra-uterine challenges to its
homeostatic defense systems; challenges such as changes in ambient
temperature, the full forces of gravity and changes in inspired Por. But by
being hidden away in the uterus, it has hindered scientific scrutiny because it
is relatively inaccessible as an object of study. To some extent this explains
why so many essential questions about fetal physiology remain unanswered.
The fetus depends on the maternal circulation and other transport
mechanisms for meeting its oxygen requirements, and its carbon dioxide
release. Until recently, it was assumed that fetal arterial pH and blood gas
values would not show big fluctuations, because the fetal system is stabilized
by the much larger maternal system, and because fetal metabolism was
thought to be very constant. However, recent research in the sheep fetus has
revealed that arterial Po, values vary considerably, even under normal
circumstances. These variations are associated with maternal and fetal
behavioral changes, such as maternal uterine contractures and fetal
movements.
In this thesis the interrelations between fetal behavior and fetal arterial
pH and blood gases have been investigated. Previous studies in sheep had
shown that rapid fluctuations in fetal arterial Po, and So, occur. To detect
subtle and quick alterations in blood gases and pH, we developed a new
method to continuously measure fetal arterial pH, Pco", Po, and Sor. The
results presented in the first chapter show that there are considerable
fluctuations in pH and blood gas values during a 6-hour registration. When
extrapolated to the human fetus, this casts doubt on the clinical usefulness of a
single umbilical cord sample for blood gas analysis. If blood gas fluctuations
of the same order of magnitude as in the sheep fetus occur in the human fetus,
then knowledge of the intra-individual variability and its underlying causes, is
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deemed necessary.
One of the possible causes of the fluctuations in fetal pH and blood
gases was studied in chapter 2. Low amplitude, long-lasting epochs of
maternal myometrial activity, contractures, occur throughout pregnancy in
many species. In sheep they occur 1-3 times per hour and last for 3-15 min.
These contractures are considered to be analogous to Braxton Hicks'
contractions in the human. Although their function has not yet been clarified,
experiments in sheep have already shown that contractures have a profound
effect on fetal behavior and on fetal Pao, &nd S"or. We demonstrate that
uterine contractures indeed cause fetal arterial pH and blood gases to fluctuate
almost continuously. In reaction to a contracture some degree of hypoxemia,
hypercarbia and acidemia occurs in the fetus. A remarkable observation is that
fetal blood gas changes set in before the increase in uterine activity starts.
This is most likely explained by the fact that myometrial activity does not start
instantaneously in all locations, but rather propagates across the surface of the
uterus. Since we monitored uterine activity from a single location on the
myometrium, it is likely that other parts of the myometrium contracted before
the recording site engaged in the contracture. If local uterine myometrial
activity influences the gas transport in the nearby placentomes, then blood gas
values in the carotid artery may start to change before electrical myometrial
activity is detected. However, we cannot exclude that an unknown common
underlying factor causes both blood gas changes and contractures. Another
possibility is that the signal for maternal uterine activity originates in the fetus,
and that changes in fetal blood gas values are somehow involved in the signal
transduction. Another remarkable finding is the correlation between the
changes in fetal arterial pH and Pco" caused by a contracture, and the time
until the next contracture. A more pronounced acidemia and hypercarbia is
related to a longer time between contractures.
Chapter 3 describes the effects of hypoxemia, without concomitant
acidemia, on nuchal muscle activity. During mild and moderate hypoxemia,
the duration of each episode of electromyographic activity shortens. Only
during moderate hypoxia, when S^o, was reduced to about half of the pre-
hypoxic oxygen saturation level, nuchal muscle activity (NMA), expressed as
the proportion of time with electromyographic activity, decreased significantly.
This reduction seemed to be caused by a fall in NMA during low voltage
electrocortical activity. NMA during high voltage electrocortical activity did
not change. Extrapolated to the human fetus, this study suggests that
observation of the duration of episodes of fetal activity, the number of such
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fetal behavior clinically, than simply measuring the proportion of time with
movements present.
In chapter 4 we describe the effects of acidemia, in the absence of
hypoxemia, on NMA and on electrocortical activity. Acidemia was induced by
infusion of lactic acid into the fetal circulation. The results of these
experiments show a certain analogy with the hypoxemia experiments,
described in chapter 3. The proportion of time with NMA decreased, episodes
of nuchal electromyographic activity became shorter while their number
increased significantly and the proportion of time with high voltage
electrocortical activity increased. The reduction of NMA was caused by a fall
in NMA during low voltage electrocortical activity. NMA during high voltage
electrocortical activity did not change. Thus it appears that hypoxemia and
acidemia have comparable effects on fetal behavior and that the fetus reacts to
both challenges of its internal milieu with a similar change in behavior.
Although under (patho-) physiological conditions fetal acidemia will seldom
occur without fetal hypoxia, both these conditions reduce the proportion of
time with nuchal muscle activity and shorten episodes of electromyographic
activity. Both also increase the proportion of time with high voltage
electrocortical activity.
Chapter 5 deals with experiments on the role of hypoxemia as an
intermediate cause of fetal ACTH release in reaction to a contracture. The
experiments in chapter 2 had shown that a contracture causes a transient mild
hypoxemia in the fetus. By preventing the fall in fetal Puo, during a
contracture, through having the ewe breathe an oxygen-enriched gas mixture,
we were able to show that ACTH release was precluded under these
circumstances. Two conclusions can be drawn from this study: fetal ACTH-
release is caused by the change in blood gases and not directly by the increase
in intra-uterine pressure. The second conclusion which may be drawn from
these findings is that the fetus is able to detect, and react upon relatively small
changes in arterial blood gas values.
From our experiments, it seems justified to draw the more general
conclusion that the fetus not only passively submits to the effects of
hypoxemia or acidemia but actively reacts to challenges to the homeostasis of
its internal environment. It is ternpting to speculate that the evoked changes in
fetal behavior result in an adaptation of fetal oxygen requirements and carbon
dioxide production, so that possible damage is prevented or limited.
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